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oscfh;}rq|rghophq|rqsh¾¬}mf¯mfw4¼m´~_opcfh$vxq	µ¶¬f«x«t+w{mvºosvxwum}r«»vopqsvxf¬fopvw{m}
r{qph¾¬}p¬}r««¨"mfwor©¦4rv«r{f«xh¾hvxopc}hq8opcfvdv·osqp¬fh¾µ¶wuq·oscfh;woo|? r¬}spvr{mgwh«Xopcr4o¼·h¬}ph¾cfhqsh{³
5w~´rmfw{opcfh$qgwvx°t$r4opvw{mªopw'opcfhgwh«g¬}oXhg"ruh{~.oscfv¾osvxghopw@qsh$t+w4¦uhqopcfh"®¹rqs¯{w4¦
}qpwuh$qo¨wµopcfh¾µ¶¬f««´t+wum}vxopvw{m}r{«.wµ H 5 ³knmExYz~vxo¼rudcfw4¼mopc}rogr{m¨Á§r©¨uh$pvr{mÁrf}qpw_r{t|cfhY
osw;h${ghm_osropvw{mtrmXh¦vh¼h$r{wu¬ff«h	®¹rqs¯{w4¦q|rm}wug °}h«gwfh«~¼vxopc"v .hqshm_ogwvx°fy
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knmoscfvWr}fqpw_r{t|c´~{¼·h	r{ffqsw©Âvg"r4osh  2 ; + H 	 < + J + D B + .D.%. + D E 7 ¨opc}h	fqswf¬}t%oWw{µ.µ¶¬f«x«.t+wum}vxopvw{myr{«D
 2 ; + H 	 < + J + D#B + .D.%. + DCE 7  2 H 	 < + J 7 F5:=<  2 ; 5 	 D=M ? + ; ( M 5 7  G'
¼cfh$qph 5 vÁoscfh-mfhv{cXw{¬fqscfwwBwµ <u³ ,}w{q@h$rut|c <{~Nvºo@v@r{sp¬fgh$Bosc}r4o'opcfh]ophÂ_os¬fqsh H 5
c}w{«fvmLopcfh-hm_opvqsh]mfh$vxucwu¬fqpc}w_ww{µ-<u³ bdcfv@r{ffqsw©Âvxg"r4osvxwumv¥h$¦{h$«xwuhYvxm  rm}Àv
t$r««xhY@opcfh}ph¬}w{yz«v¯{h«vcfww´³dbdc}v¾rf}qpw©Âvgropvw{m¥r««xw4¼		¬}	oswpvxg¬f«rophhYr{pvx«¨'µ¶qpwug oscfhµ¶¬f««





¤ ht$rm¹¬}ph- ¾vf}¾srgf«vxmfÁopww'vxg"r{{hphugh$m_osr4osvxwum¥¼cfhm < v¯mfw4¼m ³	bdcfhfqsvw{qvopqsvºy
}¬opvw{m}hYptqpvhYvxmÁopcfhN«ruo·ph$t+opvw{mr{qph	rupp¬fgh$´~u¼vxopc  2 < 7 h${hm}hq|r4ophu³mÁvmfvºosvr{«q|rmw{g
«rXh««vxmfvr{s¬}ghY"µ¶wuqH"³¸bdcfhm¥vmos¬fqsm'¼h;pr{g}«xh¾µ¶qsw{g  2 H 5 	 ; + < + J + D B + .D.%. + D E + H 2 5 7 µ¶w{qhYr{t|c <u~
 2 J 	 < + H 7 r{m}/ 2 D B 	 ; + H 7 ~»r«« ¬}pvxm}"opcfh}ph¬}w{yz«v¯{h«vcfww¥r{ffqsw©Âvg"r4osvxwum´³dknm¹opcfht$r{phNw{µoscfhwoposy  r{¬}ppvrmgwh$«S~oscfhµ¶¬f«« t+wum}vxopvw{m}r{«»wµ H 5 v%
 2?> 5 O	 3 + > + < + D B + J 7 
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 B&! #"$%$ 3 5  # B   (& G B   q ' 5 ' )(+* D B & 2?3   # B 7), &.-/ ,#0 % &B ( 213 J54 :76 ?98 2 O  >7;:< + 7=
¼cfh$qph 5 voscfh'm}hv{cwu¬fqscfww²wµ <¥r{m}>=d< +?A@ & qphµ¶hq|opw]opcfh¥fvxÂh« <¥r{m}  h$vxmfw{µt+«v¿_¬fh¹o¨Xh5B.³ Nh+o|rv«wµ;oscfv'rf}qpw_r{t|cBg"r©¨²Xh­µ¶w{¬}m}vm C=Nw{q  Dz³ 	µ oph$q'r f¬}qpmy vm
Xhqsvw´~srgf«h$dr{qph¾h$vxm}q|r©¼mÁµ¶qsw{g1oscfh}ph¬}w{yz«v¯{h«vcfwwrffqsw©Âvxg"ropvw{mopwoscfhNXwuoph$qpvw{q
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¼c}hqsh SU 5? voscfh'}qpwuwuqosvxwumIwµ	osvxghY > 5 ¼rusrgf«h$ r{t+«r{s  ³I«pw}~¨ «w_wu¯vxmf-r4oopcfhqsh«r4osvx¦uhfqsw{Xw{qpopvw{mwµ´¦4r«¬fhYWsrgf«h$»~_h$opvg"r4ophY¸w{µ´w_oshqsvxwuqWvosqpvf¬osvxwum}¸w{µ´}rq|rgh+oshq|tr{mXh;g"r{hu³
«ºoshqsm}r4osvx¦uh«¨{~w{m}ht$rm¥«w_wu¯µ¶w{qoscfh®¹phughm_osropvw{mF HILKF   2 H  > 	 ; 7 +
¼c}vt|c-qphY¿_¬fvxqsh$opc}h"grÂvxg¬fg½wµ·opcfh"Xwuoph$qpvw{qhmvxo¨¹opw¥Xhµ¶w{¬fm}´³bdc}v¾v;w{mfh¨  ¾vf}
srgf«vmf¥vxmItw{m4¬fmt%opvw{m¼vxopc pvxg¬f«rophY-r{mfmfhYr«vxmf³"knmIvg¬}«roph$r{mfmfh$r{«xvmf~ r4o;oscfh.opc vxoy
h$qsropvw{m´~doscfhr«{w{qsvxopcfgsrgf«h$"oscfhH 5 ~ JUr{m} D B µ¶qsw{g opc}h-vopqsvxf¬fopvw{m}'fqsw{Xw{qpopvw{m}r{«	opw 2 H 5 	 ; + < + J + D B + .%.%. + D E + H 2 5 7 B ~m 2 J 	 < + H 7 B r{m}  2 D B 	 ; + H 7 B	
 µ¶wuqr @B 4	  rq|rgh+oshq @ @ %f³ bdcfh'ph$¿_¬fh$m}t+h'wµC@ hYt+qsh$ruhY;opw-f³ GÂfrgf«h$wµ¾¬}t|c hY¿u¬}hm}th$rqshuhwughopqsvtA?@  @ R  ~µ¶w{q)% =  =  rm}­«xwuurqsvxopcfgvtAQ@  @ R <  V X I 2  7* %³¾bdcfhwuqphopvtr«qsh$p¬f«xosc}w4¼Uosc}r4oY~µ¶w{qt+h$qo|rvm oph$gh$qsrop¬fqsh'ph$¿_¬fh$m}t+hY~opc}h@srgf«h$ ¦4r{«x¬fhYw{µ H"~J rm} D Btw{m¦{h$qpuh"opw]opc}h¥®¹N³ 3	mµ¶wuqos¬fm}r4osh«¨{~hY¿u¬}hm}th$opc}rosr4osvµ¶¨opcfh¹tw{m}vxopvw{mw{µ	opcfh@oscfhwuqp¨
tw{m¦{h$qpuh·¦uhqs¨«w4¼«¨mfhYrq¸f~urm}pw;vxmfq|r{t+opvt+hwoscfhqµGruoshqWfh$t+qsh$ruvmfhY¿_¬fhm}th$¸r{qphd¬}ph$´~{w{q
oscfhsrgf«hqNvNosw{fXh$¥¼cfh$m¹opc}h;oph$gXhq|r4os¬fqshvNosvx««wughvosr{m}t+hµ¶qpwug }~}¼vxopc¹oscfhqsh$p¬f«ºo
osc}r4oopcfh@wu«x¬osvxwumµ¶w{¬fm v¬}p¬}r««x¨-w{m}«x¨r¹«wt$r«·grÂvxg¬fg w{µ 2 H  > 	 ; 7 ³	w4¼h¦{h$q$~w{¬fq
hÂh$qpvhm}thvNopc}rop¬}t|cª«wtr{«g"r4Âvg"r¬}p¬}r{«x«¨¥{v¦{hr'{ww­phugh$m_osr4osvxwum´³;bdcfvNghopcfw­¼dr{
°qso¬hYÁµ¶wuqvg"ruh¾r{m}r«¨vvxmE i=z~fr{m}fh+osr{vx«µ¶w{qphugh$m_osr4osvxwum¼vxopc'opcfvr}fqpw_r{t|cr{qphr«pw
vm C w{qG D ³
5wugh@hÂfrgf«h$wµh${ghm_o|r4opvw{mÃ¼vxopcÃopcfv"r«{wuqpvxopc}g rqsh@uvx¦uhm vxm ,vxu¬fqsh$¥{~d-rm}Ãif³

























k µ < vmfwo	¯mfw4¼m´~w{mfht$rm¹r}f«x¨'opc}vNr«{w{qsvxopcfg*µ¶wuq	g"rm¨'fv .hqshm_o < ~fh+°}mfhrghYr{p¬fqsh
µ¶wuqopcfh"p¬}tth$swµdr@phughm_osropvw{m´~ r{m}ªopcfh$mph«h$t+oopcfh"Xh$oh${ghm_o|r4opvw{m-r{t$t+w{q|vmfÁosw¥opcfh
tqpvxoph$qpvw{m ³ ,}w{qh+Âfr{g}«xhu~vºµ{qsw{¬fm}Áopqs¬opc@µ¶wuqdpvgv«rqvgr{{hY·¼dr{¯mfw4¼m´~_oscfvt+w{¬}«'h¬}ph$opw
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MPM SEGMENTATION, 4 CLASSES MPM ENTROPY



































































¤ c}hm < v¾¬fmf¯mfw4¼m´~Xopc}hXwuoph$qpvw{q¾vopqsvf¬opvw{mªwµ G¸¿_¬}ropvw{m"mfw4¼vm}t+«¬}hYNr'fqsw{XhqNfqpvw{q 2 < 7 w{mÃopcfhªm_¬}gXhqÁw{µt«rupph$"r{m}Ãw{¬fq®ªËd®]Ë r{«xuw{qsvºoscfg g¬oXh¹h+Âoshm}hYÃopw vm}t+«¬}h
srgf«vmf"µ¶qsw{g opcfhµ¶¬f««t+w{mvºosvxwum}r«vosqpvf¬osvxwum­wµ < ³bdcfvNvopqsvxf¬fopvw{mªt$rmfmfw{oNXhhÂf«xwuqphY
¨f ¾vx}}srgf«vxm}}~	pvxm}thªsrgf«vxmfIfv .hqshm_o'¦4r{«x¬fhY"wµ < ¼v«x«¾r«xophqopcfh]vxgh$m}vw{mw{µ;opcfh
rq|rgh+oshqp}r{th{~ ¨t|c}rm}{vmf@opcfhÁm¬fgh$qw{µ·osh+Âop¬fqshÁ}r{qsr{gh+oph$qs)D B ³  ¾vf}pr{g}«xvmf¹¼v«x«m}wo¼w{qs¯Áµ¶wuqr{t+hY¼cfh$qph;oscfhvghm}pvw{m­t|c}r{mf{hYvxm¥oscfv	µGrucfvw{m ~}f¬oµ¶w{qpop¬fm}roph$«x¨'opcfh$qphrqsh
w{opcfh$q®¹rqs¯{w4¦Át|crvm¹®¹w{m_ophËr{qp«w"pr{g}«xvmfgh+opc}w}dopc}roNtr{m¥h;¬}ph$'µ¶wuq < Sh$hAx©8+³ Nmfh




fw{g?°}h«fLx~. ³	knm   ~Xphughm_osropvw{m¥¼ru	fqsw{Xwuph$'µ¶wuqNt+wu«xwu¬fq	vg"r{hY~f¬oNopcfhgwh$«¬hY
vmfw{or"w{¬}f«xh®­rqs¯{w4¦"q|rm}wug*°}h$«»~hYtr{¬}h;}vºÂh«t+w{«w{¬}qsr{qph;r{sp¬fgh$@vxmhXhm}fhm_o{v¦{h$m
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bdc}hÁvfh$r­v;oswªsrgf«h < _¨rª®¥hopqsw{Xw{«vgw4¦{h{³¹bdcfvqphY¿u¬}vxqsh$r{mIr{t$t+hfosrmt+hÁfqsw{rfv«xvxo¨{~
r{m} vmIoscfvr{ff«vt$r4opvw{moscfh@w{mf«¨gw4¦uh$opc}ror{qph'w{opc²}qsrut%opvtr{«·r{m} g"r©¨c}r©¦{h@r­mfwumy !$hqsw





 E  2 DCB + .%.D. + DCE 7 opw E 7 B  2 D B + .%.%. + D E + D E 7 B 7 vr{t|cfvh¦uh$¹¼vxopcr'ph+oq|rm}wug m_¬}gXhq|w{µ oscfhpr{ghfvxghmvw{m¹r{ D E 7 B p¬}t|c'opc}roopcfh$qphv	r@+y|µ¶¬}m}t%osvxwum
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¼cfh$qph	opcfh°}m}r«X}r{qosvr{«}hqsv¦©ropv¦{h	voscfh Cur{tw{fvrmw{µ»opcfhopq|rm}µ¶w{qsg"r4opvw{m 2  E +  7   E 7 B ~r{m}  2 fh$t+qsh$ruh <   7 r{m}  2 vm}tqphYr{ph < 7 qsh+µ¶h$q;opw-rm¨ªw{opcfh$qfqsw{rfv«xvxopvh$vxm¦{wu«x¦uh$-vmIh+y
tqphYr{pvxm}w{q·vxm}tqphYr{pvxm};opcfh¾m¬fgXhqwµ t«rupph$  µ¶wuqhÂfrgf«h{~_qsr{m}w{g«¨t|c}w_w_vmf¼c}vt|c@t+«r{sopw
fh«h+oph%³
bdcfhrXw4¦{hv¾rÁosqsroph${¨'µ¶w{qNsrgf«vmf"µ¶w{q < ³5r{g}«xvmfÁµ¶qsw{g?opc}hw{opcfh$q}r{qsr{ghoph$q	¦4r«¬fh$
r{m} H tr{m"opcfh$mfqswt+h$h$"¨  ¾vf}dpr{gf«xvmfh+Âfr{t+op«¨ruWvmÁoscfhtr{phw{µ´°fÂh$ < ³bdcfv·µ¶w{qsg"·r{m
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